In the paper, the analyses of Fe2p 3/2 and chromium Cr2p 3/2 XPS spectra with fitting by symmetrical and asymmetrical line shapes as well as using Linear, Shirley and Tougaard Method of Background Subtraction are presented. The calculations are performed on AISI 316L SS biomaterial after magnetoelectropolishing MEP operation. It was found, the chromium-to-iron ratio after magnetoelectropolishing MEP for other analyses could be in the range from 2.2 to 6.2 depending on the line shapes as well as type of backgrounds used to XPS spectra fitting. The most important for comparison the surface layers concerning the Cr/Fe ratio is to use the same line shape and backgrounds for all analyses.
INTRODUCTION
Electrochemical polishing (EP) is a well known surface finishing process developed for both metals and alloys [1] [2] [3] [4] [5] for over a century now. After the treatment, smooth, stress-free, and passive surface is usually obtained. Recently the magnetic field has been used to modify the process and enhance the effects of the contact-free treatment under the process named magnetoelectropolishing (MEP) [1, 2, 4, [6] [7] [8] [9] ; hence the treated surface with the improved passivation as a main effect is achieved. Stainless steels used to be the materials most often undergoing the process of electropolishing [1, 2, [6] [7] [8] [9] [10] . In order to verify the degree of passivation Authors accepted the ratio of chromium compounds to iron compounds as an indicator of passive surface, and thus the corrosion resistance. The X-ray photoelectron spectroscopy was used as a research method of surface layers obtained after electrochemical polishing.
The analyses of XPS spectra after electropolishing in the magnetic field were presented in many previous works [1, 8, 11] . In all the papers presented the XPS spectra have been fitted by Gaussian-Lorentzian shape lines and Shirley background type. This paper presents and compares the use of various types of line shapes (symmetric and asymmetric) and 3 back-ground types (Linear, Shirley, Tougaard) for fitting iron Fe2p 3/2 and chromium Cr2p 3/2 XPS spectra.
METHOD AND EXPERIMENTAL SET UP
Stainless steel AISI 316L (S31603, 1.4404) nowadays is used in many sectors of industries because of its good corrosion resistance [1, 10] . The bulk composition of the steel as measured is shown in Table 1 . Second column of the Table 1 presents composition given by the manufacturer [10] . The chromium to iron ratio (Cr/Fe) of that alloy is amounted to 0.25. During a variety of mechanical and/or electrochemical polishing operations the surface layer usually changes considerably. After electrochemical polishing that ratio increases minimum over ten times. The samples for XPS measurements were treated by Magnetoelectropolishing MEP [2, 9] under definite conditions, the magnetic field intensity B = 400±50 mT, and current density i = 200±20 A/dm 2 ; after that they were immersed for one year in the Ringer's solution. The polishing was carried out in the electrolyte of temperature of 65 °C, with the temperature control of ±10 °C. For the studies, a proprietary mixed sulfuric/phosphoric acids electrolyte H 3 PO 4 /H 2 SO 4 = 1.5 (and 10% H 2 O of the whole acids' volume) was used. The electrolytic cell was made of glass, containing up to 500 cm 3 of electrolyte. The XPS experiments were carried out in an ultra-high-vacuum system with a base pressure of about 10 −8 Pa. The XPS measurements, with the angle of 90º, were performed using a SES2002 electron energy analyzer with a monochromatized Al Kα (hν = 1486.6 eV) X-ray source (Gammadata-Scienta). A total resolution of about 0.6 eV was obtained for the presented spectra. In view of optimizing the signal-to-noise ratio, one XPS measurement cycle covered 100 sweeps. For the XPS analyses the CasaXPS 2.3.14 software was used [11] [12] [13] [14] . The XPS spectra were analysed by using Linear (1), Shirley (2), and Tougaard (3) backgrounds. The linear (1, 4), standard Shirley (2-4) background requires also choosing two points: one at (E right , I right ) and another below at (E left , I left ) of the peak. In the range E left > E > E right the linear and Shirley backgrounds are equal zero [12] [13] [14] [15] [16] .
where B n (E) is the n-th iteration of the Shirley background, E is the kinetic energy, k n is the iterative value of the scattering factor, I(E) is the photoelectric signal. The Tougaard background (5) is computed from the measured spectrum S(E) using following integral:
For fitting of the XPS spectra the following Gausian-Lorenzian line shapes [13] [14] [15] [16] were used, with the respective mathematical formulae shown as equations (6) and (7):
where the FWHM is related to F and position to E. In Casa XPS the line GL(x: E, F, m)=GL(m), for m=0 represents pure Gaussian one and for m=100 just pure Lorentzian. For the 0<m<100 is obtained mix of the two lines by the formula (6). The second one (7) is the asymmetric line shape based also on Gausian-Lorenzian shape as:
In Casa XPS, the formula is formatted as LA (α, β, m), where α ≠ β and m is responsible for the control of the width of a Gaussian convolution. On the basis of the analysis shown in the paper, the authors performed the analyses of the influence of shape lines on the fitting of XPS spectra of Fe2p 3/2 and Cr2p 3/2 . For this purpose, fittings were done by GL(m=10k), for and k<10, as well as for the metallic part of LA(1.2,4.8,3) in case of iron and LA(1.3,4,5) for chromium spectra, respectively [16] .
RESULTS
In Figures 1-4 , there are shown the results of XPS spectra fitted by the symmetrical and asymmetrical shapes lines and after using Shirley method of background subtraction. The next four Figures 5-8 present the fitting results with linear background subtraction. The same analyses with Tougaard background are presented in Figures 9-12 . In all these analyses were used the line shapes GL(30) for chromium and iron metal and compounds as well as LA(1.3,4,5) for chromium metal and LA(1.2,4.8,3) for iron metal fitting combined with GL(30) for chromium and iron compounds. In Table 2 , there are presented the chromium compounds to iron compounds Cr/Fe ratios on the basis of results shown in Figures 1-12 . The line shapes in Table 2 refer to the metal part of the fitted spectra. On the basis of the obtained results it is noted that the interval is equal 4. The minimum values of Cr/Fe ratio, amounting to 2, was noted for fitting by GL(30) shape lines for iron metal spectrum parts with Tougaard method of background subtraction. The maximum value was obtained for iron metal shape line LA(1.2,4.8,3) for Shirley method of background subtraction plus for chromium with linear method of background subtraction with using GL(30) or LA(1.3,4,5) line shapes. However, the Authors prefer to use the same methods of background subtraction, which correspond to the results given in bold in Table 2 . On the basis of such restrictions adopted should be noted that the maximum values of chromium compounds to iron compounds is in rage of 2.2 to 5.3. The maximum values were obtained for Shirley method of background subtraction and the smallest ones for Tougaard method of background subtraction.
CONCLUSIONS
Based on the XPS study results and the calculations performed on AISI 316L stainless steel after magnetoelectropolishing (MEP), the following conclusions may be formulated:
(1) Method of background subtraction has a meaningful influence on Cr/Fe ratio (2) Line shape has a significant influence on Cr/Fe ratio (3) Maximum of Cr/Fe ratio (equaling 6.2) was obtained for Shirley method of background subtraction in case of iron and for linear method of background subtraction for chromium (4) Minimum of Cr/Fe ratio was obtained for Tougaard method of background subtraction in case of iron and for Tougaard and linear methods of background subtraction for chromium (5) For the linear method of background subtraction for both iron and chromium the Cr/Fe ratio is in the range of 2.9−3.7; average Cr/Fe is equal 3.3 (6) For the Shirley method of background subtraction for both iron and chromium the Cr/Fe ratio is in the range of 3.8−5.3; average Cr/Fe is equal 4.5 (7) For the Tougaard method of background subtraction for both iron and chromium the Cr/Fe ratio is in the range of 2.6−3.0; average of Cr/Fe is equal 2.8.
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